Particle number fluctuations and correlations in nucleus-nucleus collisions at SPS and RHIC energies are studied within the statistical hadron-resonance gas model in different statistical ensembles and in the Hadron-String-Dynamics (HSD) transport approach. Event-by-event fluctuations of the proton to pion and kaon to proton number ratios are calculated in the HSD model for the samples of most central collision events and compared with the available experimental data. The role of the experimental acceptance and centrality selection is discussed.
I. INTRODUCTION
The study of event-by-event fluctuations in high energy nucleus-nucleus collisions opens new possibilities to investigate the phase transition between hadronic and partonic matter as well as the QCD critical point (see the reviews [1] ). In our recent paper [2] we have presented a systematic study of the particle number fluctuations for pions π = π + + π − and kaons K = K + + K − and their correlations in the statistical model (SM) in different ensembles and in the Hadron-String-Dynamics (HSD) transport model [3] . In the present paper we continue this study and consider the fluctuations of the number of protons p= p +p, the π-p and K-p correlations, and fluctuations of the p/π and K/p particle number ratios. The HSD results for the fluctuations in the particle number ratios are compared with NA49 data for Pb+Pb collisions at SPS energies [4] for the proton to pion ratio as well as preliminary STAR data for Au+Au collisions at RHIC energies for the proton to pion [5] and kaon to proton [6] ratios.
The paper is organized as follows. In Section II the observables for particle number fluctuations and correlations are introduced. In Section III the SM and HSD results for the scaled variances and correlation coefficients of particle number fluctuations are presented for central nucleus-nucleus collisions at SPS and RHIC energies. In Section IV the HSD transport model results for the fluctuations of the p/π and K/p ratios are presented and compared to the available data on proton to pion ratio fluctuations. The role of the centrality selection and experimental acceptance is discussed using the HSD results. A summary closes the paper in Section V.
II. OBSERVABLES FOR PARTICLE RATIO FLUCTUATIONS
We define the covariance for particle species A and B as:
where N A is the event-by-event average of the particle multiplicity N A and ∆N A ≡ N A − N A .
The scaled variance ω A and correlation coefficient ρ AB are defined by:
Furthermore, the fluctuations in the ratio R AB ≡ N A /N B will be characterised by:
One finds to second order in ∆N A / N A and ∆N B / N B :
We recall that the experimental data for N A /N B fluctuations are usually presented in terms of the so called dynamical fluctuations [7] 1
where σ 2 AB is defined by Eq. (4) while σ 2 AB,mix corresponds to the mixed events background (see Ref. [2] ):
III. PARTICLE NUMBER FLUCTUATIONS AND CORRELATIONS
In this section we present the results of the SM and HSD for the particle number fluctuations and correlations in central nucleus-nucleus collisions. The procedure of the calculations is essentially the same as in our previous paper [2] . The SM and HSD results for scaled variances Let us first comment on the SM results for the particle number fluctuations and correlations in different ensembles. The global charge conservation laws suppress the particle number fluctuations in the canonical ensemble (CE) in a comparison with the grand canonical ensemble (GCE). Exact energy conservation in the micro canonical ensemble (MCE) makes this suppression even stronger. This leads to the result that the MCE scaled variances ω A become smaller than unity. The contributions to the correlation parameter ρ AB in the SM stem from [11] . The hadron-resonance gas model results are presented for the number density of p +p, (particle number densities are the same in all statistical ensembles in the large volume limit), scaled variance ω p , and correlation parameter ρ pπ and ρ Kp in the GCE, CE, and MCE. The SM results for n π , n K , ω π , ω K and ρ Kπ are presented in Table I of Ref. [2] two sources: resonance decays and global conservation laws. Resonances decaying into pairs of particles of species A and B produce a corresponding correlation and yield a positive contribution to ρ AB . On the other hand, the conservation laws lead to an anticorrelation and thus to negative contributions to ρ AB .
As seen from Figs. 1 and 2 the HSD results for ω p , ρ pπ and ρ Kp (denoted by the solid lines) are close to the CE and MCE results for low SPS energies. One may conclude that the influence of conservation laws is more stringent at low collision energies. The same conclusion follows from the HSD results for ω π , ω K and ρ Kπ (see Figs. 1 and 2 in Ref. [2] ). The HSD values for ω A and ρ AB increase, however, at high collision energies and a sizeable deviation of the HSD results from those in the MCE SM is observed with increasing energies for √ s N N > 200 GeV.
We point out again that important aspects of the event-by-event fluctuations in nucleusnucleus collisions are the dependence on the centrality selection and experimental acceptance.
We accordingly discuss the role of these effects using HSD results for the scaled variance ω π of the pion number fluctuations. In Fig. 3 the scaled variance ω π (calculated within HSD) for the Introducing the probability q of pion experimental acceptance as the ratio of an average accepted to the total multiplicities, q = N acc π / N tot π , one finds:
Equation (7) connects the scaled variance ω f ull π in the full 4π space with ω acc π defined for the experimental acceptance. The acceptance scaling (7) assumes (see, e.g. Ref.
[12]) an absence of particle correlations in momentum space. Figure 3 demonstrates that the acceptance scaling energies. This can be qualitatively understood within the model of independent sources:
where ω s π is the scaled variance for pions produced by one source, ω P is the scaled variance for the fluctuations of nucleon participants, and n π is the average pion multiplicity per participating nucleon which increases monotonously with collision energy. Collisions with zero impact parameter correspond to ω P ∼ = 0. Thus, ω 
IV. FLUCTUATIONS OF PARTICLE NUMBER RATIOS
A comparison of the SM results for fluctuations in different ensembles with the data looks problematic at present; the same is true for most other theoretical models. This is because of difficulties in implementing the experimental acceptance and centrality selection which, however, can be taken into account in the transport approach. In order to compare the HSD calculations with the measured data, the experimental cuts are applied for the simulated set of HSD events. In Fig. 5 the HSD results of σ dyn (5) for the p/π and K/p ratios are shown in comparison with the experimental data by the NA49 Collaboration at the SPS [4] and the preliminary data of the STAR Collaboration at RHIC [5] . The results of the UrQMD calculations for σ dyn pπ at the SPS energies (from Ref. [4] ) are also shown by the dashed line. For the SPS energies we use the NA49 acceptance tables from Ref. [4] . For the RHIC energies we use the following cuts: in pseudorapidity, |η| < 1, and in transverse momentum, 0.2 < p T < 0.6 GeV/c for kaons and pions and 0.4 < p T < 1 GeV/c for protons [5, 6, 13] .
We note also, that HSD results presented in Fig. 5 correspond to the centrality selection as in the experiment: the NA49 data correspond to the 3.5% most central collisions selected via veto calorimeter, whereas in the STAR experiment the 5% most central events with the highest multiplicities in the pseudorapidity range |η| < 0.5 have been selected. with data [6] for kaon to proton ratio, but overestimate the experimental results [5] for proton to pion ratio. New data on event-by-event fluctuations in Au+Au at RHIC energies will help to clarify the situation.
